A titrimetric method for monitoring toxicity in suspended biomass was applied in order to measure the activity of nitrifying biofilms and to determine the effect of several toxic compounds on the biofilm. Three typical tannery compounds, quebracho extract, NaCl and Cr +3 were selected to study their toxicity on the biofilms. The results obtained showed an acceptable repeatability of the method for all the toxicants tested with an average standard deviation of less than 10%. Biofilm systems showed higher resistance to the toxicants, when the results obtained using suspended nitrifying biomass, were compared with those found in the literature. The IC 50 obtained with quebracho was 8.8 g/L of quebracho extract, while around 65% of maximum activity was attained with 8.7 g/L of NaCl or 120 mg/L Cr +3 . The quebracho extract, NaCl and Cr +3 were 26%, 38% and 18%, respectively, less toxic in the biofilm system than for a suspended biomass culture.
Introduction
During the last few years, a variety of new respirometric and titrimetric techniques have been developed to evaluate the biological activity of microorganisms in wastewater treatment systems. These techniques have established the basis for the development of new biosensors. They make it easy to measure the activity of the biomass and can thus provide information about the kinetic parameters, toxicity of wastewater, etc. Titrimetric biosensor principles have recently been applied to the nitrification process (Beccari et al., 1980; Ramadori et al., 1980) , as an alternative to respirometric methods.
Nitrification is an oxidation reaction, which produces two moles of protons per mole of oxidised ammonium. The titrimetric biosensor, (ANITA) ammonium nitrification analyser, recently developed, makes it possible to determine the rate of ammonium oxidation by the amount of alkali required to maintain a given pH value of equilibrium (Massone et al., 1995; Ficara and Rozzi, 2001) .
Tanneries produce a mixed wastewater containing salts (Cl -), fat, protein, ammonia, sulphides, chromium and polyphenolic compounds (tanning). Some of these compounds can be extremely toxic to the nitrification process. The aim of this work was to develop a technique to determine the toxicity of three compounds, (quebracho extract, sodium chloride and chromium III) frequently present in tannery wastewaters, on the nitrifying activity of biomass contained in biofilm systems, using a titrimetric method. This information could be very useful for monitoring the operation of reactors treating tannery wastewaters.
Materials and methods
Biofilm characteristics. The biofilm used was developed in a circulating floating bed reactor (CFBR). Its characteristics can be found elsewhere Manem, 1996, Garrido-Fernandez et al., 2000) . Expanded polyethylene with a size distribution between 1 and 3 mm and density of 0.89 g/cm 3 was used as a support for biofilm development in the reactor. The solids hold up in the reactor was 20% and specific surface area of the support around 500 m 2 /m 3 .
The reactor was fed with wastewater containing an ammonium concentration of 600 mg N-NH 4 + /L and organic matter concentration of 200 mg COD/L maintaining an ALR of 0.5 kg N-NH 4 + /m 3 ·d. The reactor was operated for 50 days before the commencement of the experiments, and at that moment the biofilm concentration was 2.2 g SSV/L. The specific nitrifying activity was 0.4 gN-NH 4 + /g SSV·L. The biomass used in these experiments had not previously been acclimated to the chemicals tested during these experiments Toxicity test. A sample of colonised support was taken directly from the reactor, rinsed with diluted salt solution and transferred into the ANITA reaction vessel. The concentration of biomass in the vessel was around 1.2 g VSS·L -1 . The pH of the mixed liquor was measured until it reached the equilibrium (pH e ) when pH average values do not change more than ± 0.05 units over a period of 20 min.
The pH e is then adjusted by chemicals to a working pH between 7.0 and 7.5. A solution containing 30 mg N-NH 4 + /L was added to the suspension, which was thermostatted at 25°C ± 0.5. The titration solution used was NaOH 0.05 N. The effects of the three compounds commonly present in tannery wastewaters were studied (quebracho extract, NaCl and chromium III).
10 min after the ammonium addition a solution containing the toxic compound was injected and each 15 min the toxicant concentration in the mixed liquor was increased until the maximum concentration desired was obtained, depending on the toxicant tested. The toxicity of a sample is determined by comparing the nitrifying activity obtained from the sample with different concentrations of toxicants and that obtained from a sample without toxicants. Additional information about the system can be obtained from Massone et al. (1995) .
Results and discussion
Previously to the toxicity tests several measurements of the nitrifying activity of the attached biomass were made in order to obtain the standard deviation of the method. After a set of 6 tests this value was around 10%, which was considered an acceptable percentage.
Due to the intrinsic characteristics of the activity assays it was necessary to evaluate whether the addition of the toxicants themselves contributed to the alkali consumption. For this purpose 20 mg/L of allylthiourea was added, in order to cease nitrification and thus the alkali addition. A further addition of toxicants did not cause any alkali consumption (Figure 1) .
Toxicity tests were carried out following the procedure indicated above. A typical experiment is presented in Figure 2 , which shows the slope change in the alkali velocity consumption with the increase of toxicant concentration. Each run was finished in approximately three hours for all the chemicals tested. Figure 1 Interference screening test Figure 3 shows the results obtained for the three products tested in this work. The toxic effect of each concentration is presented as the average value including the deviation of the measurements for each assay.
Quebracho extract. Figure 3a shows the maximum activity percentages at different quebracho extract concentrations. The range selected was between 0-10 g quebracho extract/L. The standard deviation for these experiments was between ±5 to ±22% depending on the concentration applied. Concentration higher than 4 g/L of quebracho extract provoked the formation of a foam in the assay vessel.
The IC 50 obtained was 8.8 g quebracho extract/L. This value is higher than that (7 g/L) obtained for suspended nitrifying biomass using a respirometric method (López-Fiuza and Méndez, 2001) .
A similar effect was observed in anaerobic processes. The IC 50 for immobilised anaerobic biomass was higher than that obtained for suspended biomass. Disley et al. (1992) reported an IC 50 value of 4.1 g quebracho extract/L for immobilised anaerobic biomass, Sodium chloride. Figure 3b shows the NaCl effect on the nitrifying activity. The concentrations tested were 0.6, 1.3, 3.2 and 8.7 g/L. The standard deviation did not exceed ± 12% for any of the NaCl concentrations tested, which implied that these experiments might be reproduced quite well. The results obtained in this work showed a lower inhibitory effect of NaCl in the nitrifying activity than that obtained with non-acclimated nitrifying suspended microorganisms. Campos et al. (2002) observed values around 25% of the maximum activity when the NaCl concentration was 8.7 g/L and Hunik et al. (1992) achieved similar values. In this work at 8.7 NaCl concentration, the activity obtained was 65% of the maximum activity. Other research reports a reduction between 20-50% of ammonia efficiency when the NaCl concentration is similar to that of sea water (Hänel, 1988) .
The effect exerted by Na + added as NaOH during the assays was practically negligible, because the concentration of this compound was increased only 7 mg/L as a consequence of alkali addition.
Using a continuous or semi continuous reactor it was possible to achieve higher nitrifying activities for similar NaCl concentrations as reported by Campos et al. (2002) in an activated sludge unit, Intrasungkha et al. (1999) in a SBR unit and Kargi and Dincer (1996) using a fed batch unit. It would probably be due to an acclimatisation effect of nitrifying biomass during the continuous operation of reactors, not being possible here due to the short duration of the assays.
Chromium (III) . Figure 3c shows the result obtained for the tests with chromium (III). The range selected was 0-120 mg/L covering the usual range of chromium (III) concentrations in tannery wastewater. The standard deviation in these experiments was less than ± 12% and was reproducible for all the concentrations tested. Orhon et al. (2000) observed 72% of maximum activity when the total chromium concentration was 45 mg/L with nitrifying suspended biomass acclimated to tannery wastewater. Our results showed that attached nitrifying biomass, which was not previously adapted, was more resistant to chromium (III) toxicity.
Conclusions
The titrimetric method is an easy and quick alternative to current nitrification monitoring methods, making it possible to determine the toxicity effects of different compounds on the biofilm. Results were easily reproducible for NaCl and chromium (III), the standard deviation values obtained for these compounds being less than 12%, although, for the quebracho extract it was not so good (between 5 to 22%), probably due to its complex structure (flavonoid ring) and to the foam layer formation at concentrations of quebracho extract higher than 4 g/L.
The nitrifying biofilm is less sensitive to quebracho extract, NaCl and chromium (III) than the suspended nitrifying biomass, therefore the biofilm reactor could be an appropriate system for nitrogen removal from tannery wastewater, due to the high concentration reached in such wastewaters.
